Abstract
Introduction 41
Heavy metal deposition in plant and soils could be attributed to the municipal wastes, 42 industrial effluents and also wax layer characteristics on the leaf (Khalil et al., 2011; Murtaza et 43 al., 2003) . However most of heavy metal toxicity to plants is attributed by soils (Younis et al., 44 2015) . High metal concentrations plant toxicity can result in disturbing metabolism and 45 photosynthesis (Zhao & Bi, 1999) 46 Soil organic matter (SOM) have significant effect on soil physico-chemical health, 47 sequestration of carbon, controlling land erosion and protecting land from degradation (Galantini 48 & Rossel, 2005) . Soil microbial biomass carbon (SMBC), microbial activity and mineral 49 transport are significantly affected by SOM (Carter et al., 1991) . Organic matter decompositions 50 are certainly rapid in tropic and arid to semiarid regions because of high decomposition rates and 51 mineralization of SOM (Haron et al., 1997) . 52
Addition of soil amendments helps to retain nutrients in soil. Biochar is more effective 53 than other organic amendments in retaining and making nutrients available to plants for a long 54 time. Among soil organic amendments, biochar is considered more stable nutrient source than 55 others (Chen et al., 2007) . Biochar is the product of thermal decomposition of organic materials 56 under oxygen stress conditions and high temperature. It is applied to soil to achieve 57 environmental benefits, like decreasing CO 2 gas emissions (Lehmann & Joseph, 2009) . Its 58 application to soil is an approach to decrease CO 2 emissions and to mitigate global climate 59 change (Woolf et al., 2010) . Its surface area and complex pore structure are hospitable to bacteria 60 and fungi that plants need to absorb nutrients from the soil. Moreover, biochar is a more stable 61 nutrient source than compost and manure (Cheng et al., 2006) . Properties of biochar dependA field experiment was conducted to study the influence of biochar and chemical 85 fertilizer on soil physical and chemical parameters. Its effect on growth and yield of wheat crop 86 (Triticum aestivum L.) was also studied at the farm of Institute of Soil and Environmental 87 Sciences, University of Agriculture, Faisalabad, Pakistan (31.25° N, 73 .09° E). Two factorial 88 randomized complete block design was used for this study. Soil of the experimental area was 89 classified as a well-drained hafizabad loam, mixed, semi-active, iso-hyperthermic typic 90 calciargids having pH value of 7.8. 91
Field experiment 92
Field was ploughed and prepared before application of biochar and fertilizer. Soil 93 composite samples were taken at random with auger before sowing and at harvest from (0-30 cm 94 depth) from each experimental unit. The soil samples were air dried, ground, well mixed and 95 passed through a 2 mm sieve and analyzed for different characteristics. All macro-nutrients i.e. 96 nitrogen, phosphorus and potassium (NPK) and biochar amendments were applied in respective 97 experimental unit plots at different doses and mixed thoroughly. Recommended dose for 98 nitrogen, phosphorus and potassium is 120 kg/ha, 60 kg/ha and 60 kg/ha, respectively which was 99 referred as F 4 . Urea was used as a nitrogen source, while SSP was used as phosphorus and SOP 100 was used as potassium sources. Five different levels viz., 0%, 25%, 50% with standard curve (Olsen & Sommers, 1982) . Potassium was determined using flame 140 photometer. For that a series of standards of KCl were prepared and standard curve was drawn. 141
Flame photometer reading was compared with standard curve graph and potassium was 142 determined (Richards, 1954) . Cation exchange capacity (CEC) was determined by saturating 143 biochar (4g) with 1 N solution of CH 3 COONa (pH 8.2). Afterwards, it was washed thrice with 144 ethanol and finally extracted with 1 N solution of CH 3 COONH 4 (pH 7.0). Sodium in the extract 145 was determined with the help of PFP-7 flame photometer using Na + filter (Rhoades, 1982; 146 Richards, 1954 Bulk density = 157 (Volume of Biochar including pore spaces) 158
Biochars particle density was determined by using pycnometer method (Blake, 1965) . 159
A known mass of biochar was put into 100 ml volumetric flask which was then placed into 160 the pycnometer. After that we poured the water into the pycnometer up to the mark. Known 161 mass of water (equal to the volume of the water) was poured into the flask. Biochar partial 162 volume was determined by subtracting the volume of the water poured from 100 ml. 163 (Mass of oven dried Biochar) 164
Particle density = 165 (Volume of Biochar excluding pore spaces) 166
Soil sampling 167
A composite soil sample at the depth of 0-30 cm was obtained from 3 sub samples 168 collected using a core sampler from each treatment plot. Soil samples were collected after the 169 harvesting of crop at three points from each treatment plot. Samples for each depth were 170 composited, placed in tagged plastic bags and dried at room temperature. These samples were air 171 dried grinded and sieved through 2 mm sieve in the laboratory for physio-chemical analysis. 172
Soil analysis 173
Soil bulk density, particle density and CEC was determined as for measuring biochar 174 bulk density, particle density and CEC analysis. Soil porosity (%) was calculated by using the(Bulk density) 177
Porosity () = [1 -] × 100 178 (Particle density) 179
Soil organic carbon was determined at up to 30 cm depths by titration method following 180 the method described by (Ryan et al., 2001) . Soil pH and EC was determined by pH meter and 181 EC (dS m -1 ) was measured by using Jenway Conductivity meter Model-4070 (Mckeague, 1978; 182 Mclean, 1982) . Formula for determination of EC is given below: 183
The SMBC and SMBN were determined by fumigation-extraction method (Brookes et 185 al., 1985; Vance et al., 1987) . Briefly, soil samples were fumigated with chloroform to the extent 186 to kill all microbes present in the soil sample. The fumigated samples were inoculated with 1. (Table 3) . 216
Organic matter 217
Organic matter contents were directly proportional with the amount of biochar while 218 inversely proportional to the amount of fertilizer. Highest organic matter contents (1.07±0.02%)were calculated from the treatment receiving biochar amendments alone i.e. B 0 F 1 and lowest 220 organic matter contents (0.58±0.01%) were found in B 0 F 4 (P=0.00, F=155.34, DF=24) (Table 3) . 221
Soil microbial biomass carbon 222
The SMBC was directly proportional to the amount of fertilizer and biochar. Concluding, 223 highest SMBC (245.20±0.38) was calculated in B 1 F 4 and lowest amount of SMBC 224 (136.63±0.82) was found in B 0 F 0 (P=0.00, F=113.86, DF=24) ( Table 3) . 225
Soil microbial biomass nitrogen 226
The SMBN was directly proportional to the amount of biochar (only 
Biomass yield 250
A trend similar to plant height was also found in biomass yield i.e. increased to an extent 251 with increase in amount of combined treatment of biochar and fertilizer. Highest biomass yield 252 i.e. 14.65±0.40 t ha -1 was calculated from the experimental plot treated with B 1 F 3 and lowest was 253 in B 0 F 1 (9.80±0.42 t ha -1 ) (P=0.00, F=789.16, DF=24) (Table 4) . 254
Grain weight 255
Grain weight, also, increased to an extent with increase in amount of combined treatment 256 of biochar and fertilizer. Grain weight was highest i.e. 3.68±0.05 t ha -1 in plot treated with B 1 F 3 257 treatment which gradually decreased to minimum in B 0 F 0 (2.60±0.04 t ha -1 ) (P=0.00, F=213.64, 258 DF=24) (Table 4) . 259
Harvest Index 260
Harvest index firstly increased up to certain limit i.e. B 1 F 2 where 0.32±0.02% was 261 observed which afterwards decreased to minimum i.e. 0.20±0.03% in plot treated with B 1 F 4 262 (P=0.00, F=2051.00, DF=24) (Table 4) .
Discussion

264
Biochar addition may cause significant decrease in bulk density (Laird et al., 2010; Jones 265 et al., 2010; Chen et al., 2011) . This decreased bulk density may improve porosity and soil water 266 holding capacity (Briggs et al., 2005) . Biochar application can significantly enhance the soil 267 meso-porosity at the expense of macro porosity in soil (Jones et al., 2010) . 268
Many researchers had reported increase in soil pH due to biochar introduction (Laird et 269 al., 2010; Peng et al., 2011) . Increase in pH increase not only improve soil health but also 270 improve plant growth due to higher availability of nutrients (Brady & Weil, 2008) . 271
It was observed that with the aging of biochar soil EC improves and it decreases with 272 time. Application of biochar with high ash content increase soil EC (Renner, 2007) . 273
Increase in soil meso-porosity or increased weathering at the expense of macro porosity 274 strongly influences CEC of soil (Cheng et al., 2006; Yamato et al., 2006) , but it is not a fact in all 275 types of soil or conditions (Novak et al., 2009) . 276
Inorganic fertilization is necessary to obtain higher yields but it has very little positive 277 impact on organic matter. It may increase mineralization rate which cause decline in soil organic 278 matter (Lal, 2003) . It may also favor positive response to improve microbial populations and 279 organic matter mineralization (Balesdent et al., 1998) . However, biochar addition to soil is 280 important for the C sequestration and soil fertility, and having residence time up to millennial in 281 soil (Kumar et al., 2013) . 282
Biochar has a habitable pore area therefore biochar is considered favorable for microbial 283 habitation (Strong et al., 1998) . Accumulation of organic substances (biochar) at surface soil 284 provides a substrate for microorganism that result in higher rates of SMBC (Balota et al., 2004) . 285
A cumulative application of biochar and inorganic fertilizer is more effective for 286 beneficial microbes in soil (Wardle et al., 2008; Brunn et al., 2011) . 287
Plant height may increase due to more phosphorus availability, enhanced root growth and 288 increased nutrient adsorption (Hussain et al., 2006) . It can also be attributed to improved 289 phosphorus availability (Asai et al., 2009; Abdullah et al., 2008) . Biochar can increase crop 290 growth and productivity (Spokas et al., 2010) . Spike length, plant height and tillers also increase 291 with increase of chemical fertilizers but upto a limit (Hussain et al., 2006; Asai et al., 2009) . 292
Biochar also can significantly increase crop growth and productivity (Spokas et al., 2010) . 293
Biochar addition may also increase biomass of crops (Van Zwieten et al., 2007) . Nitrogen 294 fertilizer and biochar together can increase the wheat biomass and grain yield (Ayub et al., 2002; 295 Blackwell et al., 2010; Solaiman et al., 2010) . 
